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The f o l l o w i n g  i s  a summary o f  the  a c t i v i t i e s  being pursued, and the  
Proaress made, dur ing  the f i r s t  qua r te r  o f  calendar year  1968. 
1. Object ive Hierarchy 
A. Descr ip t ion.  I n  order t o  determine what ac t ions  are needed t o  
achieve p lanetary  quarantine ob jec t ives  on a cost-opt imal bas is ,  
an ' ' ob jec t i ve  hierarchy" i s  being constructed. A desc r ip t i on  of 
t h i s  approach i s  qiven i n  "A Systems Approach t o  Cpntamination 
Control 'I , appeari n9 i n  the  Prgceedi ngs p f  the  NASA/AEC sponsored 
Symposi um on Current and Advanced Concepts i n  Inst rumentat ion 
and Automation i n  Contamination Control  (see Pub1 i c a t i o n s ) .  
B. Proqress. Dur ing t h i s  quar ter ,  an o b j e c t i v e  h ierarchy was 
developed i n  a non-quanti t a t i v e  manner through four teen o b j e c t i v e  
leve ls .  The analys is  begins w i t h  i n t e r n a t i o n a l  p lanetary  quaran- 
t i n e  ob jec t ives  and works "down" t o  such i tems as: 
f ac to rs  a f f e c t i n g  hioburden a t  launch, gross fac to rs  a f f e c t i n g  
bioburden release, gross fac to rs  a f fec t ing  bioburden change i n  
space, and so f o r t h .  A repo r t  on t h i s  work should be ava i l ab le  
gross 
i n  the  cominq quarter.  
2. M ic rob ia l  Death Models 
A. Descr igt ion.  A r e l i a b l e  model o f  m ic rob ia l  deac t iva t ion  i s  
needed f o r  reasons described i n  q u a r t e r l y  repor t ,  QR 5, and i n  
" A  Rat ional  Model for  Spacecraft S t e r i  1 i za t ion  Requirements" , 
Sandi a Laborator ies Research Report, SC-RR-67-256. 
B. Progress. This quarter, t e s t s  o f  model f l e x i b i l i t y  were c a r r i e d  
ou t  f o r  data f o r  thermal s t e r i l i z a t i o n  of yeast. The data was 
generated a t  5ZoC, 54OC and 56OC by Woods. 
E f fec ts  of High and Low Temperature on U n i c e l l u l a r  Organisms", 
[T. H. Woods, "Lethal  
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Adv. Jn. Biol. and Med. Phys,ics, 4, p .  119-165 (1956>].  - - - I_ --
Since the model was derived on a rational bas i s ,  i t  was 
assumed tha t  i t  should also approximate the s i tua t ion  encountered 
in yeast s t e r i l i za t ion  as well as tha t  encountered w i t h  bacterial  
spores (previously reported on). T h e  yeast  data was selected 
fo r  " f l ex ib i l i t y"  tes t s  since the curves a t  52OC and 5 4 O C  are  
convex while the 56OC curve is  sigmoid. 
Results are shown i n  the accompaning figure.  Although the 
"f i ts"  are not optimum, the i l l u s t r a t i o n  does demonstrate com- 
pa t ib i l i t y .  
ture levels  i n  such a fashion t h a t  the chemical reaction r a t e  
This represents a f i t  o f  the d a t a  a t  three tempera- 
constants appearing in the model are related t o  one another by the 
Arrhenius equat ion a t  these d i f fe ren t  temperatures. The analysis 
1 oo 
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Exposure Time i n  Hrs. 
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was conipletely computerized, and cQnstraints  suggested by bacterial  
ce l l  s t ructure  were n o t  removed fo r  these ,yeast t e s t s .  
Also, some progress has been made this quarter  i n  determininq 
the manner i n  which water activation affects  survivor curves 
based on the way i t  affects  the entropy and enthalpy o f  cer tain 
chemical reactions i n  proteins. 
3. Implementation System 
A *  - Description. The objective of t h i s  ac t iv i ty  is t o ,  ult imately,  
design a system, based upon our problem analysis,  t h a t  will 
provide the o u t p u t s  necessary for  meeting planetary quarantine 
respons i bi 1 i t i  es . 
6. Progress. 
for  meeting both lunar and planetary responsibi l i t ies .  
Progress t h i s  quarter has been made i n  system design 
A report analyzing long-term requirements and current s ta tus  
i s  complete. This addresses system desiqn i n  a broad way f o r  
meeting planetary responsibi l i t ies ,  and presents a formal analysis 
of such a system f o r  meeting l u n a r  responsibi l i t ies .  
Additionally, i n  the area of l u n a r  respons ib i l i t i es ,  imple- 
mentation system activi  t i e s  d u r i  ng t h i s  quarter have centered 
on the analysis and design of a computer software system f o r  
accepting, s tor ing,  processing and outputting spacecraft  con- 
tamination information. This work i s  a continuation of t ha t  
started i n  the aforementioned report. T h e  personnel i n  the 
Pub1 i c Heal t h  Service S ter i  1 i t y  Control Laboratory a t  Cape Kennedy 
are  cooperating i n  this detailed design e f fo r t .  
The Planetary Quarantine Information System is  considered 
t o  consist  of three secondary parts:  
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( i )  personnel f o r  prov 
system, and making 
( i i )  a camp-uter system 
d i n g  d a t a  t o  the system, operating the 
meaningful uses of system outputs; 
capable of appropriate data storage,  
cal cul a t i  ons and outputs, and ; 
( i i i ) sof tware  capable o f  direct ing the a c t i v i t i e s  of the computer 
system to  provide e f f i c i e n t  data handling, processing and 
t o  make sui table  o u t p u t s  available a t  the r i g h t  places 
and times. 
The personnel and computer system aspects o f  the implementation 
system are addressed i n  the report  mentioned above. 
software aspect is now being addressed i n  de t a i l .  Our objective 
is  t o  provide complete programming specif icat ions,  w i t h  documen- 
ta t ion ,  for  an implementation system fo r  luna r  respons ib i l i t i es .  
In analyzing software needs, two categories o f  software 
The 
were considered. Firs t ,  computer codes related t o  the models 
used i n  predicting spacecraft and lunar  bioburdens, and second, 
system computer _I_ code for internal d a t a  handlinq, application of 
model codes t o  the d a t a ,  and communication among various parts 
of the implementation system. 
Models developed here are beinq coded as they are completed. 
The major desiqn e f for t  this quarter has been i n  analyzing and 
designing the system computer code. 
To da t e ,  we have determined: many of the data requirements; 
methods fo r  data ident i f icat ion,  storage and u p d a t i n q ;  system 
outputs; and methods for  o u t p u t t i n q  information. 
All o f  the d a t a  requirements will not be known u n t i l  a 
complete s e t  of models ex i s t s .  System outputs have been tentat ively 
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determined pending NASA approval. 
fo r  communicating w i t h  the  computer system t o  r e t r i e v e  these 
outputs. This takes the form o f  questions from the computer 
w i th  answers f rom the Planetary Quarant ine Off icer.  This " i n t e r -  
change" ,dependi n9 upon the sequence o f  answers given, w i  11 
permi t  the Planetary Quarant ine Of f icer  t o  r e t r i e v e  hundreds o f  
pieces o f  informat ion.  
A "dialogue" has been designed 
The system i s  being designed i n  such a way t h a t  data f o r  
l u n a r  decis ions and c e r t i f i c a t i o n s ,  a long w i t h  the p r e d i c t i o n s  
based on those data, w i l l  be s to red  on maqnetic d iscs f o r  easy 
access by the  Washi nqton-located consol e. 
in format ion w i l l  be stored on tape t o  permi t  whatever a d d i t i o n a l  
r e c a l l  t h a t  might become necessary. An e f f i c i e n t  r e t r i e v a l  
sys tern has been des i qned . 
Addi t ional  l y  , fl 
In format ion ava i lab le  as outputs t o  the console w i l l  f a l l  
i n t o  f o u r  categor ies f o r  the  lunar  system: 
manned 1 unar missions, (i i ) Environmental in fo rmat ion  and 
( i v) Lunar inventory  . 
( i )  Apollo; ( i i )  Un- 
The "Apol lo" cateqory has been designed t o  prov ide informa- 
t i o n  regarding the i d e n t i f i c a t i o n  of astronauts, s u i t s  and space- 
c r a f t  modules assigned t o  each Apol lo  f l i g h t  and t o  prov ide 
q u a n t i t a t i v e  and q u a l i t a t i v e  p red ic t ions  of  bioburdens on each 
module and complete spacecraft as of  the l a s t  assay date, the  
launch date, and t h e  lunar  impact date. 
r e t r i e v e d  from the system i n  a v a r i e t y  o f  ways. 
modeling f o r  t h i s  i s  described below. 
This in format ion can be 
Some o f  the  
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The "Unrnanned'l category will r e l a t e  bioburdens of the now 
completed program of unmanned f l i g h t s  t o  current lunar burdens 
and subsequent probabili t ies of lunar sample contamination from 
these sources. This will he done w i t h  the lunar re t r ieval  model 
discussed br ief ly  la te r .  
The "Env i  ronmental If category, a s  designed , w i  11 provi de 
information regarding the quant i ta t ive and qua l i ta t ive  microbial 
environments beinq experienced i n  the various Cape f a c i l i t i e s  
used f o r  spacecraft  preparation. I t  will  also provide listings 
of spacecraft  modules i n  each f a c i l i t y .  
The "Lunar  Inventory" category will  provide information 
concern1 ng the predicted amounts and locations of  microbial 
contamination on the lunar surface. I t  will a l so  r e l a t e  tha t  
inventory t o  probabi  1 i t i  es of contami n a t i  nq 1 unar samples . 
The basic analysis undertaken f o r  desiqn purposes i s  i n  the 
Flow charts have been and are being developed t o  form of t rees .  
help provide the specific programming guidance for  the system. 
4.  Estimatinq and Predicting Surface Bioburdens 
A. Description. In sampling spacecraft surfaces f o r  purposes of 
predicting the microbial burden, one encounters several problems. 
First, there i s  the problem o f  estimating the microbial burden 
a t  a given point i n  time based upon d i r ec t  surface samples taken 
a t  tha t  point i n  time. 
Second, there i s  the problem of predicting the microbial 
burden a t  future times based upon p r ior  d i r ec t  surface sampling 
and upon whatever environmental samples t h a t  a re  available.  
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Third, and common t o  both the f i r s t  two problems, there 
i s  the problem of the degree of confidence t h a t  one may place 
i n  such estimates and predictions. 
I t  seems hopeful tha t  the f i r s t  of these problems can be 
resolved i n  a manner which will prove sa t i s fac tory  i n  the Apollo 
program. 
The  solution of the second problem depends, t o  a large 
extent, upon the solution t o  the f i r s t  problem. Additionally, 
one must be able t o  correlate environmental measurements w i t h  a 
spacecraft bioburden. 
What follows i s  a survey of the work be ing  done by Sandia 
Laboratories in  these areas this quarter. The discussion centers 
primarily around problems one and two. 
6. Progress. In approaching the problem o f  microbial burdens on 
surfaces,  one i s  confronted with a curious s i tuat ion.  I n  any 
fixed environment there seems to  be an upper l imit  upon the number 
of microorganisms t h a t  one f i n d s  on a u n i t  area of surface 
independent o f  time. T h i s  apparent phenomenon has been termed 
the 'Iplateau". T h u s ,  any model used t o  estimate o r  predict 
microbial burdens should account f o r  such observations. Incidentally , 
the "plateau" is  observed even when spores are  known to  be present. 
T h u s ,  we begin w i t h  some simple assumptions. 
I n  order t o  explain the "plateau", i t  i s  assumed t h a t  the 
great majority of  microorganisms are  deposited upon surfaces 
attached to  larger  ambient par t ic les  ( d u s t ,  and so fo r th ) .  
an assumption appears necessary since ( i )  i t  takes much hiqher 
energies to  remove naked spores from surfaces than one normally 
Such 
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finds exerted on spacecraft surfaces and ( i i )  i f  spores are  not 
removed, one would n o t  expect a "plateau" i n  reasonable periods 
of time since spore "death" seems unlikely i n  any reasonable time 
period based on thei r demonstrated "1 ongevi ty"  . 
The assumption t h a t  microorqanisms, i n  par t icular  spores , 
adhere t o  1 arger environmental par t ic les  appears t o  be consistent 
w i t h  physical theory. T h i s  assumption allows one to  conclude 
tha t  mechanical removal of microorganisms from surfaces is  not 
only possible, b u t  l ikely,  under normal workinq conditions. 
Under the conditions envisioned above then, as time passes, 
microorganisms may be deposited on a spacecraft surface,  and 
such organisms as deposited may be removed by mechanical means 
o r  they may die. Thus, the problem becomes a " b i r t h  (deposition) 
and death (nlechani cal removal or death ) ' I  process. Mathematical 
descriptions of such processes can be found i n  elementary 
probabi 1 i ty  texts .  
g i  ven here. 
We l e t  
P n ( t )  be the probability t h a t  there are  exactly n viable 
T h u s ,  only a rudimentary description wi 11 be 
pa r t i c l e s  on the surface a t  time t. 
I 
Here, a viable "par t ic le"  means one t h a t  i s  attached to ,  or  i s  
i t s e l f ,  a viable microorganism. 
I t  i s  assumed t h a t  the par t ic le  deposition r a t e ,  d ( t ) ,  i s  
independent of the number of par t ic les  present on the surface a t  
time t. This would  seem t o  be a perfectly reasonable assumption 
so long as the number o f  par t ic les  is  not extremely large.  
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It i s  f u r t h e r  assumed t h a t  t he  removal r a t e  R n ( t )  i s  
p ropor t iona l  t o  the number of p a r t i c l e s  present, and t h a t  t he  
p r o p o r t i o n a l i t y  f ac to r  does n o t  depend upon n, i .e. , 
Rn(t)  = r ( t ) - n ,  f o r  a l l  n. 
This i s  tantamount t o  assuming t h a t ,  independent o f  the number 
of p a r t i c l e s  present, each p a r t i c l e  present a t  t ime t has the  
same p r o b a b i l i t y  o f  being removed. 
reasonable f o r  f i x e d  sizes o f  p a r t i c l e s .  
" p a r t i c l e s "  means microorganisms and ''removal 'I means death, t h i s  
s i t u a t i o n  obta ins when one i s  us ing almost any model of death 
i n  which the  microorganisms d i e  independently o f  one another and 
each has the  same p r o b a b i l i t y  o f  death a t  t i m e  t. 
I n  general, t h i s  seems 
For example, when 
If, i n  add i t ion ,  t he  p a r t i c l e  depos i t ion  r a t e  I s  bounded 
above, i.e., 
d ( t )  1. d, 
and the  removal ' ' fac tor" ,  r ( t ) ,  i s  bounded away from zero. 
r ( t )  = r > 0 ,  
then the  mean, 
o f  t he  standarcl b i r t h  and death process ,s bounded above, 
But d ( t )  i s  sure ly  bounded above, and, having assumed t h a t  
ambient p a r t i c l e s  carry the microorganisms, i t  i s  reasonable 
t h a t  r(t) 1 r > o even f o r  spores. Thus, t he  cond i t ions  are no 
more r e s t r i c t i v e  than the  e a r l i e r  assumptions, and on the  basis 
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of those, the  above bound on the mean number of p a r t i c l e s  present 
obtains.  On average then, the  b i r t h  and death model accounts 
f o r  the  pi ateau. 
Having exh ib i ted  a plateau, one i s  j u s t i f i e d  i n  i n q u i r i n g  
about steady s t a t e  so lut ions t o  the b i r t h  and death equations. 
I t  i s  e a s i l y  demonstrated t h a t  the  steady s t a t e  so lu t i ons  in 
s a t i s f y  
n = l  n! (3+)n..P[-(#)] 
From t h i s  i t  can be deduced t h a t  
where dAV and rAV are t ime averages of d ( t )  and r ( t ) , respec t i ve l y ,  
a f t e r  a steady s t a t e  has been reached. I n  p a r t i c u l a r ,  f o r  the  
I 
steady s t a t e  mean, M, 
Experiments t o  gain some confidence i n  t h i s  model were 
performed t h i s  quarter.  
s t a t e  mean pred ic ted  by the  model. 
They were designed t o  check the steady 
To check the steady s t a t e  form of the b i r t h  and death model, 
an experiment using vegetat ive c e l l s  (Staph. aureUS) as the 
p a r t i c l e s  i n  quest ion was performed. These organisms were 
dispersed from a nebu l izer  and al lowed t o  s e t t l e - o u t  onto p l a s t i c  
p e t r i  dishes. One cloud of microorganisms was dispersed every 
30 minutes, w i t h  samples and cont ro ls  taken every 30 minutes. 
Twenty-five clouds were dispersed. 
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Based on a rough p l o t  o f  t h e  data so obtained, i t  appeared 
t h a t  a p la teau ex is ted f o r  data taken i n  clouds 18 through 25, 
t h a t  i s  i n  the  9 t o  12 1/2 hour t ime period. During t h i s  pe r iod  
the  mean number of organisms per  p e t r i  d ish,  as assayed, was 713. 
This i s ,  then, the  experimental mean of the  plateau. The 
average f a l l o u t  r a t e  du r ing  t h i s  same pe r iod  was exper imenta l ly  
determined t o  be 102 p a r t i c l e s  pe r  p e t r i  d ish  pe r  30 minute 
period. 
Independently, the removal f a c t o r  was found t o  be 15% per  
30 minute pe r iod  f o r  Staph. aureus on d r y  p e t r i  dishes i n  the  
same environment i n  which the  f a l l o u t  p o r t i o n  of t he  experiment 
was performed This represents ''death", and i t  was assumed t h a t  
no mechanical removal took p lace s ince the p a r t i c l e s  were c o l l e c t e d  
i n  p e t r i  dishes. The b i r t h  and death model p r e d i c t s  a steady 
s t a t e  mean 
M P - = - =  A dAv lo* 680 organisms per  p e t r i  dish, 
0.15 rAV 
comparing q u i t e  favorably  w i t h  the  713 organisms p e r  p e t r i  d ish  
t h a t  was observed. 
essent i  a1 l y  the  same r e s u l t .  
S i m i l a r  experiments were performed w i t h  
Based on these experiments, one has some confidence t h a t  
the  b i r t h  and death model can be used " l o c a l l y " .  But  s ince  the  
d e r i v a t i o n  of the  steady s t a t e  b i r t h  and death model i s  v a l i d  
on l y  f o r  surfaces each p a r t  of which see the  same environment, 
i t  i s  u n l i k e l y  t h a t  i t  i s  app l i cab le  t o  the  e n t i r e  spacecraft.  
A t h e o r e t i c a l  extension has been completed, b u t  again, t h i s  i s  
based on some physical assumptions. Experimentation has been 
i n i t i a t e d  t o  check the reasonableness o f  these assumptions. 
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5. Vacuum Probe Devel opment 
A. Descr ip t ion.  The vacuum probe was developed t o  remove surface 
contamination fo r  eva lua t ion  o f  mic rob ia l  content. The probe 
has been used a t  Sandia f o r  l abo ra to ry  s tud ies and i s  be ing  
f u r t h e r  developed for f i e l d  use. 
B. Progress. Since Dr .  Mar t in  S. Favero o f  USPHS proposed and i s  
showing t h a t  son ica t ion  o f  the  f i l t e r ,  cone, and t i p  o f  t h e  
vacuum probe ra i ses  the assay e f f i c i e n c y ,  t he  probe cone and t i p  
were redesigned t o  make them shor te r .  
s h o r t e r  al lows the  par ts  t o  be insonated i n  much less  l i q u i d ,  
which i s  an advantage i n  p l a t i n g  o u t  t he  microbes. 
This design was decided on as the  f i n a l  desiqn f o r  evaluat ion.  
Makinq the cone and t i p  
Add i t iona l  vacuum probes are  c u r r e n t l y  be ing const ructed f o r  
eva lua t ion  by the USPHS a t  Phoenix and a t  Cape Kennedy and f o r  
use here i n  laboratory  experiments. 
be ing cas t  from an aluminum-magnesium a l l o y  by the foundry a t  
Sandi a. 
The pa r t s  o f  t he  probe a re  
Several innovations f o r  ease i n  use have been incorporated 
i n t o  the  design. 
t he  e a r l i e r  models. A bevel prevents the "0" r i n g  from 
f a l l i n g  out. I n  addi t ion,  t h e  device i s  very l i g h t  and 
e a s i l y  handled. 
The cone i s  much eas ie r  t o  remove than on 
Rudy Puleo and Richard Graves of USPHS a t  Cape Kennedy 
recen t l y  v i s i t e d  and discussed some o f  t he  p r a c t i c a l  aspects o f  
us ing the  probe t o  ac tua l l y  moni tor  Apol lo  f o r  m ic rob ia l  loading. 
An attachment f o r  the  probe i s  a l so  be ing  developed t o  
a l low the  probe t o  be used ou ts ide  c lean room areas. A 
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f i l t e r e d  a i r  sheath ininlediately surrounding the  probe t i p  
i s  t h e  bas ic  technique being developed. 
6. Fine P a r t i c l e  Studies 
A. Descr ip t ion.  Experimentation conducted dur inq  t h i s  qua r te r  
was o r ien ted  toward behavior o f  random p a r t i c l e s  on surfaces. 
In order  t o  conduct such s tud ies r e a l i s t i c a l l y ,  random p a r t i c l e s  
(s ize,  shape, density, e tc . )  should be used t o  s imulate ac tua l  
cond i t ions  expected during spacecraf t  assembly condi t ions 
which occur i n  uncontro l led areas as we l l  as i n  c lean rooms. 
This laboratory ,  and others, have s tud ied  na tura l  occu r r i ng  p a r t i c l e s  
fo r  behavior on surfaces w i t h  l i m i t e d  success. Most o f  such 
s tud ies have been based on b a c t e r i a l  content o f  p a r t i c l e s  f o r  
i n d i c a t o r s  ; however, several problems w i t h  random o r  ambient 
p a r t i c l e s  make such studies very d i f f i c u l t .  
i s  t h a t  o f  low bac ter ia  content on random p a r t i c l e s ,  and t h e  
d i f f i c u l t y  of ob ta in ing  con t ro l  o r  reference b a c t e r i a l  l eve l s .  
Pa r t  o f  t h i s  experimentation has been d i rec ted  toward develop- 
i n g  random t e s t  p a r t i c l e s  t h a t  can be detected repeatably. 
The main problem 
B. Progress. Four methods are c u r r e n t l y  be ing s tud ied  t o  p rov ide  
p a r t i c l e s  t h a t  simulate ambient o r  random p a r t i c l e s .  
1. Tag ambient p a r t i c l e s  w i t h  an i nd i ca to r .  The technique 
under study i s  t h a t  of e l e c t r o s t a t i c a l l y  charging n a t u r a l l y  
occur r ing  p a r t i c l e s  which are combined w i t h  oppos i te ly  
charged spores. 
and i s  undergoing t e s t s  t o  t a g  p a r t i c l e s  i n  t h i s  way. Pre- 
l i m i n a r y  t e s t s  show promise fo r  product ion o f  tagged ambient 
p a r t i c l e s .  
A l abora tory  device has been completed 
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2. Spinning Top Aerosol Generator. One method of  producing 
p a r t i c l e s  t h a t  seemed app l icab le  t o  t h i s  problem was t h e  
sp inn ing top aerosol generator. The apparatus consis ts  o f  
a top shaped r o t o r  which i s  suspended on an a i r  bear inq and 
dr iven w i t h  a i r  pressure. L i q u i d  introduced on the  center  
of the upper por t ion  of the  r o t o r  q u i c k l y  spreads over the  
top o f  the  r o t o r  and i s  thrown o f f  the  edge as very un i fo rmly  
s i  zed drop1 ets  . 
Two a l t e r n a t i v e  procedures could be used here. The 
spores could be suspended i n  a s o l u t i o n  of  a chemical t h a t  
leaves residue when aerosol ized as a d r o p l e t  and al lowed 
t o  dry. 
p a r t i c l e  composed o f  the chemical used. A1 t e r n a t i v e l y ,  
This method would leave spores entrapped i n  a 
concentrated suspensions o f  spores only  could be used. 
By producing f a i r l y  l a r g e  drop le ts ,  c l u s t e r s  o f  spores 
would be formed a f t e r  the drop le ts  dr ied.  With c a r e f u l  
cont ro l ,  p a r t i c l e s  of t h e  s izes  and v a r i e t i e s  o f  consistencies 
needed i n  t h i s  research cou ld  be produced. 
Presently, an apparatus of  t h i s  type has been borrowed 
from Lovelace Foundation and modif ied f o r  t h i s  experiment. 
3. Large, v i a b l e  p a r t i c l e  c u l t i v a t i o n .  As a poss ib le  a1 t e r n a t e  
t o  the dust p a r t i c l e  tagging technique, various s ized fungal  
spores are being considered i n  the f a l l o u t  studies.  A t  the  
present time, we have two workable spore suspensions. 
i s  a Mucor spp. measuring 4 p  i s  diameter and the  o ther  i s  a 
Helmenthospori urn spp. which i s  f o o t b a l l  shaped measuring 
10 x 25 v. 
One 
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A new method f o r  harvesting fungal spores of this nature 
has been developed and yields spores tha t  a re  re la t ive ly  
f ree  of the associated vegetative ce l l s  o r  mycelia. The 
method involves a surface act ive aqent i n  the r inse water 
which wets the spores which a re  s t i l l  attached t o  the 
mycelia. Once wetted, the spores a re  separated from the 
mycelia by insonation, and then the rinse water containing 
the spores is  decanted. Subsequently, the spores are  washed 
to  remove excess nutrients and vegetative ce l l  fragments. 
These spores a re  stored i n  deionized water i n  the re f r igera tor  
as opposed t o  refrigerated 95% ethanol fo r  Bacillus subtilis 
var. niger spores. 
4. Spore and Dust Compost. One l a s t  method considered, b u t  
incompletely examined so f a r ,  i s  suspending spores i n  water, 
mixing them w i t h  a water suspension of d u s t ,  and allowing 
the mixture t o  dry. The resul t ing cakes could be crushed 
and sized for  use i n  these experiments. 
pursued i n  the near future. 
study. 
T h i s  approach wil l  be 
E q u i p m e n t  i s  on hand fo r  this 
7. Contamination Control Study (NASA Contract No. H-13245A) 
A. Description. T h i s  project is the preparation of a contamination 
control handbook containing technical information i n  the f i e l d  of 
contamination control. 
technical information and data useful t o  persons engaged i n  the 
field of contamination control. 
I t  will provide an authentic source of 
B. Progress. The s ignif icant  levels o f  accomplishment d u r i n g  the 
quarter a re  shown i n  the following a c t i v i t i e s :  
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1. Approximately 150 pages of new handbook material was prepared 
i n  rough draf t  form b r i n g i n g  the to ta l  t o  about 550 pages. 
T h i s  material includes technical information, tables ,  charts 
and sketches on the following subjects:  
a. An introduction t o  the handbook and the f i e ld  of con- 
tamination control. 
b. Contamination control and the interrelat ion of the many 
factors involved i n  a contamination control program. 
c. Verification o f  surface cleanliness g i v i n q  types and 
methods of testing including l imitations and problems 
i nvol ved . 
Contaminants i n  gases and gas systems w i t h  information 
on specifications and analysis of gases, effect ive hand- 
l ing,  control and use. 
Contaminants i n  l iquids and hydraulic systems and methods 
o f  detecting contaminants i n  l iquids.  
Air supply conditioning and monitorinq of air-borne 
contamination. 
An introduction t o  microbial contamination and the 
moni tor i  ng of mi crobi a1 contami nants i n  a i r ,  gases, 
l iquids ,  solids and surfaces. 
Handling and storage w i t h  techniques f o r  contamination 
controls during in-process handling, and storage and 
transport. 
d. 
e. 
f .  
g. 
h .  
2. Bibliographies for 7 of the 10 sections requiring them were 
completed and included i n  the page count of new material 
for  this quarter. 
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3. The following subjects were reviewed and revised fo r  prepara- 
t ion of f inal  draft:  
a. Contamination control (Sect. 1 )  
b. Contamination control in product design (Sect. 2 )  
c. Microbial contamination (Sect. 6 )  
d .  Handling and  storaqe (Sect. 9 )  
Research, acquisition and  preparation of material was in i t i a t ed  
o r  continued on the following subjects:  
a. Contamination control in gases and l iquids.  
b. Removal of Contaminants from liquids.  
c. Radiation. 
d .  Personnel. 
e. 
4. 
Test and maintenance of airborne contamination control 
faci 1 i t i e s .  
f .  Glossary 
5. Arrangements were made with the Sandia Technical Information 
Department t o  provide technical edi tor ia l  assistance in 
preparing the material in final form for publication. 
6. Messrs. 0. M. Garst and/or K .  F. Lindell vis i ted the following 
ac t iv i t i e s  t o  obtain information and material fo r  the handbook: 
Western Electric Company, Allentown, Pennsylvania 
Air Products and Chemical Co. , Specialty Gas Div. ,Emmaus, 
Pennsy 1 vania 
Baker Chemical Co., Specialty Gas Dept.,Phillipsburg, 
New Jersey 
National Bureau of Standards, Gai thersburg, Maryland 
Turco Products , Wi 1 mi ngton ,  Cal i forni a 
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7 .  i4r. Quintin T .  Ussery froni the Manned Spacecraft Center, Houston, 
Texas , v i  s i t ed  2572 t o  discuss materi a1 b e i n g  i nforporated 
in to  the handbook. 
8. Publications 
a .  J .  P. Brannen and R. E. Haymnd, Alabama Research Ins t i t u t e ,  "Non- 
I t e r a t ive  Solutions t o  Functional Equations",was accepted f o r  pub-  
l i ca t ion  by C0I:lPUTING. 
b .  C. A. Trauth, J r . ,  " A  Multi-Stage Decision Flodel f o r  Mission Non- 
Contamination Requi rernents 'I , SC-DC-67-2051, has been accepted f o r  
publication i n  the Journal of Space Life Sciences,Dordrecht,Holland. 
c. C. A. Trauth,Jr. ,"A Systems Approach t o  Contamination Control ",SC-M-68-94, 
presented t o  and published i n  proceedings of AEC/NASA Symposium on 
Contamination Control, Albuquerque,New Mexico,Sept.l2-14, 1968. 
9. Presentations 
a. Presentations on the space program were made by H. D. S i v i n s k i  
t o  the following groups d u r i n g  this quarter: 
1. Physics classes a t  Rio Grande High School on February 20, 1968, 
en t i t l ed ,  "Man i n  the Space Environment". 
2. Technical Lecture Series on Contamination Control f o r  Industry 
presented by the West Coast Chapter of the American Association 
of Contamination Control, University of Southern California, 
Los Angeles, California, February 28, 1968, "An Examination of 
Government and Technical Society Documents". 
3. The American Society of Mechanical Engineers student section 
a t  The University of Colorado, Boulder, Colorado, January 10,  
1968, en t i t l ed  , "Man i n  the Space Envi  ronment" . 
4. U.S. Department o f  Health, Education, and Welfare, National Clinic 
on- Technical Education, Western Skies , Albuquerque, New Mexico , 
March 28, 1968, en t i t l ed  ,"Man i n  the Space Env i  ronment" . 
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b. W. J. Wh i t f i e ld ,  "The Basic Funct ion o f  a Clean Room", presented 
t o  the  ASTME Seminar, February 6, 196R, i n  Chicaqo, I l l i n o i s .  
W. J. Whi t f ie ld ,  pa r t i c i pa ted  i n  a meeting t o  r e v i s e  the  "NASA 
Standard Procedures f o r  t he  Mic rob io log ica l  Examination of Space 
Hardware", i n  Phoenix, Arizona, January 11, 1968. 
c. 
d. J. P. Brannen, "An App l ica t ion  o f  !Sathematical B io logy t o  Space- 
c r a f t  S t e r i l i z a t i o n " ,  Un ive rs i t y  o f  Alabama Research I n s t i t u t e ,  
Hun tsv i l l e ,  Alabama, March 26, 1968. 
e. H. D. S i v i n s k i ,  presented l e c t u r e  and was panel chairman a t  the  
R i o  Grande Chapter o f  t h e  American Associat ion f o r  Contamination 
Control Symposium (on Contamination Control i n  Research), h e l d  a t  t he  
Western Skies Hotel ,  Albuquerque, New Mexico, March 1 , 1968. 
4 
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